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The following resume of Mr. Betz! paper on the "Devslopment of
the Inflow Theory of the Propsller™ wae made by the technical staff
of the Paris Office of the National Advisory @umittes for Aeronautics.
The problem is discussed in a very interssting way, and it was felt
that ccunsiderable interest would be svidenced in the value of the con-
clusions arrived at by Mr. Betz.

RESUME
.v - the spesed of advance of a propeller.
w = 27 n - épeed of rotation.
v! <« ths additional axial wvelocity of the air after its

passage in the plame of rotation of the propsller at
the radial distance r.

w' - the additional epeed of rotation of the air after itse

' passags in the plane of rotation of the propeller at
the radial distance r.

- thrust of the propeller.

- its radius.

the propeller tcrqus.

- the density of ths air.

O, B @ w
]

The units employed are the kilogram, meter and second.
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We know that the theory of inflow of the propeller assumes that
in a space limited by two concentric cylinders having as axis the axis
of the propeller, the axial and tangential velocity of the air is con-
stant. If, as is often done, we consider only the suctional axial
velocity of the air, it can sasily be shown that maximum efficiency is
obtained on condition of having constant speed along the radius of
the propeller.

But it is not so if we introduce the suctional tangential velocity.

The author, assuming that the stream does not contract and neg-
lecting the effect of rotation after the passage in the plane of rota-
tion of the propeller, shows that the axial velocity in the plane of
rotation of the propeller is squal to v!/2 and that the speed of rota-
tion in this same plane is ,'/2. _

The loss of energy, Ej, dus to the fact that t.he axial velocity
in the plane of rotation of ths propeller is v +-2‘1 s is:

R
E, = 77/0/’ ¥ 4as (1)
o 2
But
R
S=277/0/ r(v+§') v! dr (2)
&
whence

E =7//0/ . r (v +g-') v*2ar (3)

The loss of energy E, dus to the fact that the speed of rotation
in the plane of the propefler is w '/2, bas the valus

32 = %—'— aM (4)

But R
M=27~ o (v+§' oV dr (5)

whencs

. R
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On the other hand, between tha values of v' =snd Y thera exisis

the following relation
\/T_ vi(2v +2v’) (7)
™ ow

In the expression of S, E1 and EZ' wa introducs the values:

xi = _‘.3..?. (8)
y = ¥ (9)
v

(10}

A=

We then got the total loss of energy:

1/
E=E;+ B = 5PV )\z‘/o’ (2+533x [xz-y—x \/ xB-y(2+y) ’ (11)

and the thrust x = 1/)\
=FOPN? xy(2.+ y)ax (12)

1%

The author seeks to determine ths function y = £(x) such that
for given valuss of S, F, v, and n, the total loss of energy shall be
minimum. The calculation of the variations gives the following irela-.
tions between y and x, satisfying these conditions:

[xz-zc g + 1>(y+1)] \/ =B-y(zty) + x(2yP45y+2-x2) = 0 (13)

where & is a conetant corresponding in each particular cass to a set
of values of §, ¥, v, and n, and is determiried by introducing into

squation {(12) the value of y = £f( g ,x) deduced from equation (13).

Fig. 1, F1.B.19, gives the cwrves y = £{x), that is, the distri-~
bution of the additlonal axial velocity along the radius for various

valuwes of & .
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But & , according to equation (12), is & function of the "pro-
peller load™®
a=58/07 B

and of X = v/R«w . Thus, assuming X = 1/ ), we may plot on Fig. 1 -
a sheaf of iso- o curves which will enable us to estimate the iso-g ,
that is, the curve v'/v = f(r «J/v), corresponding to given valuss of

;pand.)\.

For this purpose (see¢ Fig.3,P1.B.19) we Besk on Fig. 1 the intar-
section of the ordinate x = 1/ X with the given iso- @ : the iso~-8&
Paseing through this point of interesction is the desired curve giving
the distribution of additional aexial velocity along the radius.

Fig. 2, P1.B.19 gives the sheaf of iso- A in the system of axes
of coordinates % and & which served for plotting the sheaf of
iso- Fg in Fig. 1.

Fig. 4, P1.B.20, reprssents the variation of the value 5—%)-:
along the redius:of the optimum propeller. Ths iso- & corresponding
to given valuss of 17 and 3 is determined in the same way as in Fig.l.

Fig. 6, P1.B.20, gives the variation of the angle of deviation £
(soe Fig. 5, P1.B.19) as a function of x and & : here again, the 180-O
representing this variation along the radius for given valumes of ,¢9
end 3 , must pass through the point of intersection pf the iso- 7 X =
1/x with the iso- o .

Lastly, Fig. 7, F1.B.20, gives thes values of maximun sfficiency
as & functicn of %7 and X . It shows that for a given valus of @ ,
meyimum efficiency is reached with ) = O, that is, with a propsller
of very low power, and tha®, ifor a given valus of ), , the "load of the
Propeller" and consequently, 'the thrust, rsaches a maximum.

AT 1. B I
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